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That man must be fairly resistant to the pneumococcus is attested 
by the relative infrequence of known contact infection among those 
attending pneumonia patients, despite the fact that under such condi- 
tions pneumococci are probably often inhaled in considerable numbers. 
When contact infection has been observed it is  almost always with 
Pneumococcus Types I  and II from which it might be inferred that 
these two types are the most virulent for man.  But we have no defi- 
nite information as to the relative human virulence of different strains 
or types of pathogenic pneumococci and but little  data  concerning 
variations in individual susceptibility to a single strain. 
While a direct approach to this problem is not possible for obvious 
reasons, an indirect method of study has become available as a result 
of experimental observation in animals.  It was found that the resist- 
ance of an animal to pneumococcus  infection was paralleled very closely 
by the pneumococcidal power of the blood.  When  the serum  and 
leucocytes of a single species, the rabbit, were tested against pneumo- 
cocci of varying rabbit virulence, the pneumococci of low virulence 
were destroyed in considerable numbers while those of high virulence 
grew readily in the serum-leucocyte mixtures.  Again the serum and 
leucocytes of young rabbits which are highly susceptible to pneumo- 
cocci of low virulence for the adult rabbit,  were found to possess no 
pneumococcidal action whatsoever.  There was found to be a general 
quantitative relationship between the killing dose of pneumococci and 
the pneumococcidal power of the animal's blood (1, 2). 
* Reported in brief in the Proceedings of the Institute of Medicine  of Chicago, 
1929, 7~ 224. 
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Method and Materials 
The pneumococcidal tests were carried out as already described (1,3) employing 
quantitated mixtures of serum, leucocytes, and pneumococci in sealed tubes which 
were agitated during incubation.  Pooled normal serum in each test consisted of a 
mixture of serum secured from four to seven persons. 1  Human leucocytes were 
obtained from Group I  (Jansky) donors.  Serum and leucocytes from the same 
person were often used in testing single individuals.  The strains of pneumococci 
employed were  those  freshly isolated  from  cases  of  lobar  pneumonia.  Fre- 
quently they were used after only one transfer in broth.  The standard suspension 
was one billion organisms per cubic centimeter.  Tests for opsonins and aglutinins 
were made as detailed in a previous study (4). 
We are much indebted to Miss Georgia Cooper for diagnostic sera which enabled 
us to classify strains of atypical Type II and Group IV pneumococci, 
EXPERIM~ENTAL 
Pneumococcidal  Action  of Normal Human Serum-Leucocyte  Mixtures 
The tests were carried out as shown in Table I.  From one to four 
pneumococcus strains were tested at a time and the tests were repeated 
in order to secure comparative results.  It is seen in this experiment 
that the pneumococci of all four strains were killed in relatively large 
numbers by the normal human serum and leucocytes.  Observations 
on 26 strains studied in this way are summarized in Table II.  While 
considerable  variation  in  susceptibility  to  the  killing  action  of  the 
serum-leucocyte  mixtures  was  found  to  exist  among  the  different 
members of the series, none were able to survive or grow in quantities 
less than 10 -5 of the standard suspension.  The variations in growth 
capacity appeared to be independent of type nor did it seem to sig- 
nify whether the pneumococci were isolated from the blood, lung or 
sputum, in recovering or fatal cases, early or late in the disease.  An 
interpretation of these results on the basis of the much more complete 
observations  in  animals  cited  above,  indicates  that  normal  human 
beings as a  group possess a  considerable degree of natural immunity 
against pathogenic pneumococci. 
1 It was not possible to get an accurate past history from all of them as to ante- 
cedent occurrence of pneumonia but judging by a number of tests on persons of 
known negative past history, the inclusion of individuals who may have had pneu- 
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TABLE  I 
Pneumococcidal  Action  of Normal  Human  Serum  and  Leucocytes for  Recently 
Isolated Pneumococcl 
Human serum* 0.2  co.  +  leucocyte suspension  0.1  cc.  +  pneumococcus sus- 
pension 0.1 cc. +  gelatin Locke's solution 0.1 co. 
Type 
(Sputum) 
II 
(Blood) 
IIa 
(Blood) 
III 
(Lung) 
Approximate number 
of pneumococci 
1,000,000(10-9 
100,000(10 -+) 
10,00000-9 
1,000(10 "~) 
loo0o-9 
1,ooo,ooo(1o-9 
wo,ooo(io-9 
10,000(10 -5) 
1,000(10 -6) 
1,000,000(10-9 
100,000(10 -4) 
10,000(10 -5  ) 
1,000(10 "~) 
1,ooo,ooo0o-9 
lOO,OOO(lO  -~) 
w,9oo0o-9 
1,000(iO  -~) 
Growth as shown by  methemoglobln 
formation at 
15 hrs. 
+ 
0 
0 
0 
0 
42 hrs. 
+++ 
0 
0 
0 
0 
+ 
+ 
0 
0 
++ 
0 
0 
0 
+ 
0 
0 
0 
72  hrs. 
++++ 
0 
0 
0 
0 
+++ 
+++ 
0 
0 
++++ 
0 
0 
0 
+++ 
+++ 
0 
0 
Survival of 
pneumococci 
at 7  2 hours 
+ 
0 
0 
0 
0 
+ 
+ 
0 
0 
+ 
0 
0 
0 
+ 
+ 
0 
0 
Controls with serum only** 
I  100(10 -7  )  ++++  + 
ii  lOO(lO  -7  )  ++++  + 
IIa  100(10 -7  )  +++  + 
III  100(10 -7  )  +  + 
Plates  of 10  -7  dilution  of the  pneumococcus suspensions 
I  No. of colonies  114 
II  "'  "  "  50 
IIa  "  "  "  41 
III  "  "  "  90 
* Pooled serum. 
** 0.1 cc.  Laked red blood cells added. 270  RESISTANCE TO PATHOGENIC  PNEUMOCOCCI 
The virulence of the pneumococci for mice was found to parallel 
in a general way their capacity to grow in the human serum-leucocyte 
TABLE  II 
Pneumococcidal  and Opsonic  Action of Normal Human Serum and Leucocytes for 
Recently Isolated Pneumococci 
Pneumococci isolated 
Case  I  I  I  I 
.... t  disease 
R. S .............  ]  i  Sputum  10th  Rec'd 
L. R. E ..........  ]  I  Blood  4th  Died 
J. L ............  ]  Sputum  4th  Rec'd 
A. I ............  l  Sputum  6th  ,  Rec'd 
W. Mc  .........  l  Lung  5th  I  Rec'd 
J. T. A .........  l  Sputum  1st  Rec'd 
J. V ............  n  Blood  2nd  ,  Died 
S. P ............  II  Blood  7th  Died 
C. McN  ........  II  Sputum  3rd  Died 
M. M ..........  II  Sputum  7th  Rec'd 
N, S ...........  II  Sputum  4th  Rec'd 
J. C ............  II  Sputum  ~lth  Rec'd 
R. E ...........  II  Lung  1st  Rec'd 
M. L. B ........  II  Lung  4th  Rec'd 
R. McN  ........  II  Sputum  7th  Died 
Y. B ...........  II  Blood  3rd  Rec'd 
H. F. L .........  n  ,  Sputum  5th  Rec'd 
F ...............  n  L  Sputum  2nd  Rec'd 
H. C ............  In  I  Lung  1st  Rec'd 
V. C ............  nI  ,  Blood  3rd  Died 
A. Z .............  nI  Lung  3rd  Rec'd 
K. H ...........  nI  Sputum  2nd  Rec'd 
J, B ............  IV  I  Sputum  5th  Rec'd 
S. B .............  IV  I  Sputum  4th  Rec'd 
F. V ............  IV  Lung  6th  Rec'd 
H. F. P ..........  IV  Blood  3rd  Died 
E. J .............  IV  Sputum  1st  Rec'd 
Action of normal serum and 
leucocytes 
~ilellmococ-  , 
cidal  '  Opsonic 
Largest amt. 
susp, killed 
10-4 
10-4 
10-4 
10-5 
lO-S 
10"~ 
10-5 
I0-~ 
10  4  + 
I0 -4  + 
lO-S  +++-~ 
10-~ 
I0-~ 
10-4 
I0-4 
10-4 
10-4 
10-4 
10-5 
I0-~ 
10-3 
10-5 
10-5  q-++ 
lo-5  Jr+++ 
lO-S 
10-' 
10-5 
Agglutina- 
tion 
+ 
+  !  ++ 
++-÷+ ++-++ 
++++ 
++ 
++ 
++++ 
++ 
++ 
+++  ++++ 
-  ++++ 
++++  +++ 
+  + 
+++  ++ 
++ 
++++ 
w 
--, not done. 
* Type V  Cooper. 
mixtures.  Those able to grow in the serum and leucocytes in quanti- 
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10 -7 of the standard  suspension;  while the strains  which were killed 
in amounts of 10 -s of the standard suspension were of decidedly lower 
mouse virulence3 
Tests  for  the  opsonic  and  agglutinative  action  of  normal  pooled 
human  serum against  these strains  showed much more marked indi- 
vidual variation than did the pneumococcidal.  While all those tested 
were agglutinated  and phagocyted under the influence of the normal 
serum, the degree to which these actions occurred differed considerably 
with the several strains.  These fluctuations might be accounted for, 
at least to a  certain  degree, by the fact that  the technique for opsonic 
and agglutinative effect is much less susceptible to quantitative meas- 
ure than  is the pneumococcidal test. 
Individual Variations 
When the serum and leucocytes from a single individual were tested 
with several types of pneumococci, striking variations in pneumococ- 
cidal  action  against  different  organisms  were often observed  (Table 
HI).  This ranged from marked effect on one organism to none against 
another.  Table IV gives a  summary of the tests in  15 normal indi- 
viduals  using  three  to  four types in  each  case)  Two  experiments 
included  three  different  individuals  each,  the  first  six  in  the  table, 
tested against all four types at the same time.  Tests on individuals 
T. B., R. G., and G. S. were also carried out in one experiment.  The 
plus signs indicate degree of pneumococcidal effect.  +  =  killing of 
10 -7 of the standard  suspension; ++  =  10 -6,  etc.  The letters fol- 
lowing the signs designate the strain of organism employed.  It will be 
noted (Table IV) that  in certain  instances,  the serum and  leucocytes 
of one individual show marked killing  power for an organism  against 
which  the blood elements of another person  are  without  any  effect. 
This relationship did not seem to hold as closely when the tests were repeated 
months or a year following isolation.  Certain strains, notably those of Type II, 
had lost much of their growth capacity in human serum-leucocyte mixtures but 
still retained their mouse virulence. 
3 In the majority of these experiments, the sera from different persons were used 
with leucocytes from a single individual.  This was possible because of the lack 
of any detectable individual variations in the activity of the leucocytes of normal 
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These  differences are of such a  magnitude as to  preclude their being 
due to errors in technique.  Furthermore they were  corroborated by 
TABLE  III 
Variations in Pneumococcidal Activity of a  Normal  Human  Being's  Seru~n  and 
Leucocytes for Several Types of Pneumococci 
Serum  0.2  cc.  +  leucocyte  suspension 0.1  cc.  +  pneumococcus suspension 
0.1 cc.  q- gelatin Locke's solution 0.1 cc. 
Type 
IIa 
(V Cooper) 
II 
Amount  of 
pneumococcus 
suspension 
10-a 
i0-* 
10-~ 
10-s 
I0-7 
10-4 
I0-~ 
I0-6 
I0-7 
10-4 
I0-5 
10-6 
10-7 
Growth as shown  by methemoglobin  formation  at 
15 hrs. 
+ 
0 
0 
0 
0 
++++ 
++++ 
++++ 
++++ 
46 hrs. 
+++ 
0 
0 
0 
0 
72 hrs. 
++++ 
0 
0 
0 
0 
Survival  of 
pneumococci 
at 7  2 hours 
+ 
0 
0 
0 
0 
+ 
+ 
+ 
+ 
Controls with serum only 
I  10  -7  ++++  + 
IIa  I0  -~  +  H-+~-+  + 
II  10  -7  ++++  + 
Plates of 10  -7 dilution of the pneumococcus suspensions 
I  No. of colonies  114 
lla  "  "  "  46 
II  "  "  "  14 
repeated  tests which gave  essentially the  same  results.  All persons 
tested possessed pneumococcus-killing  blood properties of some degree 
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two  or  more:  The only type  for which  every individual  exhibited 
pneumococcidal action was Type II. 
It was now of interest to determine whether these varying individual 
responses to different pneumococci depended on the particular  strain 
used or on the type.  Accordingly the serum and leucocytes of five of 
TABLE  IV 
Variations in Pneumococcidal Activity of Serum and Leucocytes of Normal Individual 
Human Beings for Several Types of Pneumococci 
PneumococcidaJ activity of Mood for types  Normal 
individual 
I  II  III  IIa (V Cooper) 
M. A. C. 
W.R. 
D. 
O. H. R. 
E. S. L. 
H. V. S. 
E. E. T. 
N. 
T.H. 
T.B. 
R.G. 
G°S. 
F.R. 
T. E. F. 
J.G. 
0 
0 
0 
+++ 
++++ 
+ 
0 
(~l.)  ++++ 
(EL)  ++++ 
(El.)  -}-+++-~- 
(El.)  ++++ 
(El.)  "J--~'+ + 
(El.)  ++ 
(El.)  "J- @-}'-J- + 
('Co.)  +++++  (ca.) 
(Vo.)  ++++  (ca.) 
(Vo.)  +++  (Ca.) 
(Pa.)  0  (McT.) 
(Va.)  "~ "~-  (McT.) 
(Pa.)  0  (McT.) 
(Pa.)  "~-"~-[-  (McT.) 
0  (En.) 
0  (En.) 
++  (En.) 
+  (En.) 
+++++  CEn.) 
0  (En.) 
++++  (El.) 
-I- "JU  3t- "~  (St.) 
+++  (~) 
++  (AO 
0  (/~) 
+++  ¢A,) 
+++++  (A0 
+++++  (A~) 
++++  (Me.) 
+++  (Vo.) 
++++  (Vo.) 
++++  (Vo.) 
++++  (Vo.) 
+++  (Vo.) 
+++  (Vo.) 
++++  (cJ.) 
++++  (Cl.) 
0  (CL) 
++  (Cl.) 
+++++  (zL) 
+++++  (Zl.) 
"["J- +"~ "~ (En.) 
0  (En.) 
Group IV 
0  (Ho.) 
+, killing of 10 -~ of the standard  suspension.  ++,  killing  of 10 -6 of the 
standard suspension.  +  +  +, killing of 10 -5 of the standard suspension.  Etc. 
Letters in parentheses indicate strain of pneumococcus. 
-, not done. 
the above persons were tested with three separate strains of each type. 
Two of the individuals, E. S. L. and T. B., showed a well marked killing 
4 In an earlier paper on natural immunity to  pneumococci (4)  human beings 
were included in the group of mammals relatively susceptible to pneumococcus 
infection.  This erroneous conclusion resulted from the finding that the serum of 
the several human beings tested showed no opsonic action for the single strain of 
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action for all of the types used.  The results recorded in Table V seem 
to indicate that type is the conditioning factor.  While there occurred 
variations in degree of reaction between the ditterent strains yet by 
and large these were less than the differences between types.  I-Iow- 
ever, certain strains showed more growth activity in the serumqeuco- 
cyte mixture than others.  Two of these, R., a  Type I  and  MET., a 
TABLE V 
Comparative Pneumococcidal Power of Individuals'  Serum and Leucocytes for 
Different Strains of Several Pneumococcus Types 
Normal 
individual 
M. A. C. 
W. 1~, 
E. S. L. 
T.B. 
G, S. 
?neunlo 
COCCUS 
type 
I 
II 
III 
IIa* 
I 
II 
III 
IIa* 
I 
II 
III 
IIa* 
I 
II 
III 
I 
II 
III 
0 
++++ 
++++ 
0 
++ 
+++++ 
++++ 
0 
++++ 
++++ 
+++++ 
+++ 
+++++ 
+++ 
++++ 
(El.) 
Wo3 
(Ca.) 
(En.) 
Pneumocoeeidai  activity for different strains 
(El.) 
(Vo.) 
(Ca.) 
(En.) 
(El.) 
(Vo.) 
(Ca.) 
(En.) 
(McC.) 
(Vo.) 
(el.) 
0  (McC.) 
+++  (Vo.) 
+  (c~.) 
0  (RiO 
++++  (Pa.) 
+++  (~cT.) 
+  (Br.) 
0  (Ri.) 
+++++  (Pa.) 
++  (MET.) 
++  (B~.) 
+  (Rio 
+++++  (ea.) 
+  (MET.) 
++++  (B~.) 
++++  (~,) 
+++++(P~.) 
+++++(zL) 
+  (hi.) 
++  (ea.) 
o  (za.) 
+ 
+++ 
++++ 
+ 
(A0 
(Me.) 
(B0 
•  (LV.) 
++  (~) 
"~-"~  "~  (Me.) 
++++  (B,) 
+  (LV.) 
+++  (n~o) 
++++  (M~.) 
+++++  (m) 
+++++  (LV.) 
++  (nd 
+++++  (~t¢.) 
++++  (Ha.) 
+  (A~) 
++  (M~.) 
0  (Ha.) 
* Type V Cooper. 
Type III were consistently inhibited to a  decidedly less degree than 
were the other members of the sa.me type, which suggests that these 
strains were of higher human virulence.  6 
They were not included with the freshly isolated strains as they had been se- 
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DISCUSSION 
The above study while comprising only a relatively small number of 
pneum0coccus strains, affords no evidence than any one type of pneu- 
mococcus is of higher virulence for human beings than the others.  In 
fact, the pneumococcidal potency of the pooled normal human serum 
and leucocytes exhibits a surprising uniformity for the several types 
of pneumococci.  Variations shown for different strains were not con- 
fined to any one type.  Possibly the inclusion of a larger number of 
the members of Group IV would show that these organisms have, as a 
class, a lesser growth capacity in normal human serum and leucocytes 
than the so-called fixed types, although the recent reclassification of 
Group IV and Type II atypical pneumococci by Cooper, Edwards and 
Rosenstein (5) indicates that a considerable percentage of these organ- 
isms are  to be  considered as highly pathogenic as  the members of 
Types I, II, III. 
Clough's (6) findings that the serum of certain normal human beings 
showed mouse protective properties which differed in degree against 
the several types of pneumococci suggested that natural humoral anti- 
pneumococcus immunity, in man, is characterized by fairly wide indi- 
vidual variations.  Our findings support this supposition and further 
indicate the nature of man's natural humoral immunity. 
It is, of course, recognized that resistance to pneumococcus  infection, 
particularly that of the lungs, is dependent upon factors both local 
and general in addition to the pneumococcus-killing  power of the blood. 
But with the present lack of appropriate methods we have no means 
of estimating the functional activity of these other defense processes 
such as the eliminatbry function of the lungs, the phagocytic activity 
of the fixed macrophages, etc.; of knowing which is the principal and 
which  the  secondary means  of  defense.  However,  in  view  of  the 
studies on experimentally infected animals referred to earlier, in which 
a close correspondence was found to exist between resistance to pneu- 
mococcus infection and the pneumococcidal power of their blood it 
seems fair to assume that the presence of this same property in the 
blood of human beings indicates their capacity to combat invasion by 
pneumococci  in any part of the body to which the blood has free access. 
In  relation  to  the high mortality of lobar pneumonia caused by 276  RESISTANCE  TO PATHOGENIC  PNEIYMOCOCCI 
Pneumococcus Type II it was surprising to find that the group of 15 
normal individuals tested showed a  more constant pneumococcidal 
power for organisms of this type than for those of other types.  That 
this  result is not to  be attributed  to  the employment of strains  of 
relatively low human pathogenicity is indicated by the fact that two 
of them were isolated from the blood of fatally terminating cases, one 
a fulminating case dying within 48 hours.  However, there is some evi- 
dence to suggest that the virulence of these Type II strains for human 
beings may have diminished before being employed in the tests with 
normal individuals.  When first isolated the two blood strains were 
killed by the pooled serum-leucocyte mixtures in  quantities  of the 
suspension only to  10 -5  .  Two months later they were killed by the 
blood of normal individual human beings in quantities of 10 -4 or 10 -3 
yet their mouse virulence appeared to be unaltered. 
That an individual should exhibit such marked variations in pneu- 
mococcidal activity for the different types of pneumococci is of par- 
ticular interest in view of our previous findings in other pneumococcus 
resistant mammals.  While an occasional deviation was observed in 
tests on dogs and cats it was slight in degree compared to those found 
in this study.  The reactions of the human serum-leucocyte  mixtures 
are much more comparable in this respect to those of a pneumococcus- 
susceptible animal such as the rabbit which shows marked individual 
fluctuations both in resistance to pneumococcus infection and in con- 
centration of natural humoral immune bodies for different pneumo- 
coccus types.  W~neti~er or not these apparently specific reactions of 
the human blood elements depend on the presence of distinct opsonins 
for the several types of pneumococci we have not determined.  Our 
knowledge of the nature of this reaction suggests that such is the case 
(4).  Sia's  recent finding of specific opsonins  and mouse protective 
substances in normal pig  serum against Pneumococcus Types I,  II 
and III lends support to this view (7, 8). 
There has appeared as this manuscript was about to  be sent for 
publication a  paper  by Ward  (9)  dealing with the pneumococcidal 
power of the defibrinated blood of normal persons for different types 
of pneuraococci.  While Ward's technique varied considerably from 
ours and no mention is made of the source or time of isolation of the 
pneumococcus cultures used, his findings of a wide variability in blood o.  H.  ROBERTSON AND M.  AGNES CORNW'ELL  277 
pneumococcidal activity between several individuals for a  given type 
and in a single person for the three types of pneumococci agree essen- 
tially with our observations on these points. 
SUMMARY 
With a view to obtaining information as to the virulence of pneumo- 
cocci for human beings a study was made of the pneurnococcidal action 
of normal human serum-leucocyte mixtures for freshly isolated strains 
of pathogenic  pneumococci.  It  was found that  human  beings  as  a 
group  showed well marked pneumococcus destroying power in  their 
blood  for  all  types  of  organisms  studied.  Individuals,  however, 
exhibited wide variations in their reactions against the different types. 
These ranged from marked killing effect for one type of pneumococcus 
to none or slight  against  another.  While reactions against  different 
strains  within the type often varied considerably this  difference was 
less,  on  the  whole,  than  that  between types.  An interpretation  of 
these findings  in  the  light  of previous  animal  experiments  in  which 
actual  determination  of  resistance  to  pneumococcus  infection  was 
made leads to the inference  that  human  beings in general possess a 
considerable degree of natural  immunity to all types of pneumococci 
but  that  individuals  may  be  relatively  susceptible  to  one  or  more 
types and at the same time resistant  to others;  also that pathogenic 
strains of pneumococci vary much in their virulence for man. 
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